(19) 




(12) 



(43) Date of publication: 

07.01.1998 Bulletin 1998/02 

(21) Application number: 97110303.1 

(22) Date of filing: 24.06.1 997 



Europaisches Patentamt 
European Patent Office 
Off ice europeen des brevets (11) EP 0 817 273 A2 

EUROPEAN PATENT APPLICATION 

' (51) Int. CI. 6 : H01L 27/146 



(84) Designated. Contracting States: 


(72) Inventor: Asatourian, Rolin K. 


AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


, Fullerton, CA 92633 (US) 


NLPTSE 






(74) Representative: 


(30) Priority: 24.06.1996 US 663076 '/ 


Wagner, Karl H., Dipl.-lng. et al 




\ WAGNER & GEYER 


(71) Applicant: THE BOEING COMPANY . : 


Patehtenwaite 


Seattle, Washington 98124*2207 (US) 


Gewurzmuhlstrasse 5 




80538 MQnchen (DE) 



(54) Composite structure for focal plane array to compensate deformation 



(57) . A focal plane array (FPA) including a layered . 
composite structure having several layers of materials 
with differing thermal expiansiorr coefficients (TECs) and 
thicknesses to stabilize and maintain FPA performance* 
during thermal cycling and 'excursions. An optical sub* 
strate is coupled to a multiplexer, through a network of 
indium bumps. The typical TEC mismatch of the layered 



materials is offset by particularly selecting the types of 
materials used and the thicknesses pf the individual lay- 
ers of the FPA. Consequently, undesirable deflections 
and distortion of the multiplexer and the indium bumps 
are minimized, thereby substantially improving FPA reli- 
ability. 



302 



300 

0 



304 >306 
' ' 308 



314 
316 
318 




FIG. 3 



CM 
< 
CO 

CM 



co 
o 



Description 

RELATED APPLICATIONS 

The present application is a continuation-in-part of s 
application Serial No. 08/481 .000 filed June 7, 1 995. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention ™ 

The present invention relates to stabilizing a focal 
plane array (FPA) on a supporting substrate. More par- 
ticularly, a multi -layered stabilizing structure Creates 
controlled stresses to counteract deflections that- 75 
adversely affect the reliability of the FPA in the process 
of thermal cycling. ' 

2. Description of Related Art 

" •. ' • '''20 ■ 

A hybrid FPA generally consists of an dptical sub- ^ 
strate layer, such as sapphire, coated with an optically- 
sensitive material An interconnecting scheme typically - 

■ fbrmedof pliable conductrhg bumps, is used to e»stablish" ^ •• fi 
a mechanical and electrical contact between th6 optical : ? 25- 
: substrate and an electronic means, such- as A silicon v« : r 
multiplexer (MUX), u$ed for electronic signal process- 

: : ing: A difference between the therrrlaPexpansion coeffi-'u • :" 

* cients (TECs) of the detector substrate 'and the MUX,r : 
howevfer; can stress'and eventually rupture the bumps 30 

' in the process of tK^rmal cycling. ' : " - 
• ; To enhance the reliability of a hybrid FPA. a shim- - 
■ ming, sandwiched approach has been used (Figures 1 -.. ' 
and -2); in which a hybrid FPA is 'mounted on a multi- « 
layer Substrate.' This approach has been described irr • 35 

• related patent application Serial No; 08/409;230, enti- - s 
tl6d "HYBRID FOCAL PLANE ARRAY" STABILIZING 
APPARATUS AND MEtHGto." -the disclosure of which is ' 
incorporated" herein. The MUXv'110, 210 is bonded onto 

a core layers 14, 214 having a high TEC using a bond- 40 
ing epoxy 1 12, 212. The core layfer is then bonded onto 
a balancing layer 11 8-; 218 of the same material and 
dimensions as the MUX T10, 210 using the same type 
of ' epoxy of the samd thickness aSthe bonding epoxy 
112; 212. The MUX, the corfc layer; the two layers of 45. 
epoxy, and 1 the balancing layer form a "balanced' 4 struct 
ture 124, 224 that forces the MUX to* exhibit a TEC 
which matches the TEC of the optical layer 104, 204, ; 
thereby eliminating thermally-generated stresses on the 
interconnect bumps' 108, 208. The balanced nature of so 
such a hybrid FPAconf igO'ration also prevents the struc- 
ture from deflecting. : 4 : 

However, since the FPA 100, 200 is generally oper- 
ated at cryogenic temperatures, reliability concerns may 
arise when the FPA is turned on and tooled to the oper- 55 
ating temperature, and subsequently warVned to ambi- 
ent temperature When turned off. Figures 1 and 2 
illustrate how the difference in the TECs of the MUX 



110, 210 and the optically sensitive material 106, 206 
can lead to thermally induced stresses that rupture the 
bumps 108. 208 and degrade the performance of the 
optically sensitive material 106, 206. Thus, when the 
match between the TECs of the several materials is not 
precisely consistent across the entire surface of the 
FPA, the discontinuity at the edges of the FPA could dis- 
tort the balance. As a consequence, as shown in Figure 
1, both the MUX 1 10 and the balancing layer 118 may 
be deflected toward the core layer 1 14 at the edges due 
to the edge discontinuity: 

Moreover, undesirable deflection of the FPA and, 
consequently, the interconnect bumps, is attributable to 
a convex contraction of the cooling substrate, or cold 
plate, 'illustrated in Figure 2. The cold plate 222 is typi- 
cally comprised of a ceramic material or plate coupled 
to avacuum.dewar 220/alsd^ caHed a cold stem or cold 
•well. The sides of the- dewar are typically formed of a 
metal material, such as stainless steel, within which a 
vacuum-. 232 • is formed. The central area 234 of the 
jdewa*' is provided to receive a cryostat 236r containing 
high pressure -nitrogen or argon, or other cooling sub- 
stance, ^owevar,. the- cooling also contributes to unde- 
sirable deflection of the supporting cold plate 222. The 
^interaotfdPt between the vacuum support structure 230 
within the v cob 'plate causes the cold plate to deflect 
slightly due io the mismatch in the TEC of the coid piaie 
and thai of the metal cold stem. Consequently, depend- 
ing on the configuration and the material used- for cou- 
pling the' FPA to the cold- plate 222; the balancing 
structure t.18, 218 can-be deformed relative. to the cold 
"plate. ' • • • .• ' . * . 

: ::Undesirablei£dge effect deflections may also be 
1 produced during ^contraction, of .the shimming epoxy 
120; 220 while curing, as well as during the cooling 
process. The convex deflection of the MUX 210 strains 
the edge bumps 208 leading to bump damage. A con- 
vex deflection of the MUX may occur under other cir- 
cumstances as well. Referring to Figure 2, if the 
composite structure 224, including the MUX 210, the 
core and'balahcing layers 214, 218 are mounted on a 
support surface 222, a convex deflection of the MUX 
and the other layers in the composite structure could 
also occur due to.contraction of the epoxy 220 used in 
mounting the composite structure onto the supporting 
•surface 222. Because epoxies generally have a higher 
TEC than silicon, sapphire and the core material, some 
epoxies have a tendency to contract with changing tem- 
peratures. Thiscontraction of mounting epoxy 220 may 
occur both during curing and cooling,. depending upon 
the particular type of epoxy used. 

SUMMARY OF THE INVENTION .. 

An FPA structure according to an embodiment of 
the invention provides for elimination of undesirable 
deflections associated with the edge ..effect. A thicker 
balancing layer is selected to controll ably force the com- 
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posite structure to deflect in a. concave direction by a 
desired amount during curing or cooling processes. 
Consequently, damage to the interconnecting bumps 
around the edges of the FPA is reduced or eliminated. 
Embodiments of the present invention thus incorporate 
an imbalanced composite structure (ICS) which pro- 
vides for deflection opposite to the convex deflection of 
MUX at the edges, thereby to counteract the edge 
effect. 

Embodiments of the present invention? include a: 
composite structure configuration to enhaoce.FPA relia-. 
bility. The hybrid FPA inckides an optical, substrate with 
a layer of an optically sensitive material grown on one 
surface of the substrate. The optically s.ensitive : side of 
the substrate layer isielectrically and mechanically cou* 
pled via interconnection bumps to a. multiplexer sub- 
strate (MUX) used for electronic sign^l.pro$e$sing. 

To enhance FPA thermal cycling reliability.. the MUX, 
is forced to contract at approximately the rate as, 
the optical substrate, thereby eliminat^the, stresses 
generated due to TEC mismatch betweerv the two lay- 
ers. A layer of rigid core materia! Is- raountfidc. directly, 
beneath the MUX- To counterbalance>the: bowing that , 
would otherwise result from the TEC mismatch between 
the MUX and the rigid core material; a balancing; layer is 
■ bonded to the opposite Side oHhe,rigid>cofeJayer. The 
thickness of the balancing layer thickness is . different 
: than the MUX thickness to providfeiannmbalanced com-j 
posite structure (ICS), The thicknesses-. of the various 
layers in the ICS are determined such that the effective 
TEC of the composite structure matches the TEC of the 
optical substrate; As a result, in-plane forces, which 
would otherwise be preseht in the cooled bonded struc- 
ture, are eliminated. • . 

BRIEF DESCRIPTION! OF THEBRAW1NGS 
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Figure 1 is a cross-sectional view of a hybrid FPA.. 
' affected by bump damage due to edge effects., . . 

Figure 2 is a cross-sectional view.of a^hybrid FPA 40 
affected by bump damage attributable to. contraction of > *t. 
the mounting epoxy 

Figure 3 is a cross-sectional view of a hybrid FPA in - 
accordance with the* preferred embodiment of the ■ 
present invention. • - , 45 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS . . . . ' ' * * - . 

* The following description is of the best presently 50 
contemplated mode of carrying out the invention. In the 
accompanying drawings, like numerals designate like 
parts in the several figures. This description is made for 
the purpose of illustrating the general principles of the 
invention and should not be taken in a limiting sense. 55 
The scope of the invention is best determined by refer- 
ence to the accompanying claims. 

fn the typical operation of a hybrid focal plane array 



(FPA), the FPA is cooled down to cryogenic tempera- 
tures every time it is turned on. During its lifetime, the 
FPA is exposed to a number of thermal cycles between 
ambient and cryogenic temperatures. The number of 
cycles depends on the particular application. In some 
applications, it is desirable that the FPA be able to sur- 
vive thousands of thermal cycles with only minimal deg- 
radation. Thus, the FPA must maintain its mechanical 
integrity and electrical functionality as it is cooled down 
repeatedly. However, it is recognized that the larger the 
hybrid FPA. the greater will be the stresses caused by 
the mismatch of the thermal expansion, coefficients 
(TECs) of the various layers, especially at the edges 
and corners of the, FPA structure. Thus, the practical 
size of hybrid FPAs is limited by reliability problems 
relating to the mismatch. of the material characteristics 
of the various .layers. 

According to.preferred embodiments of the present 
invention, the symmetry of the layered materials in the 
hybrid FPA is perturbed in a controlled manner .to coun- 
teract deleterious side-effects observed ^otherwise 
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embodiments of the presentjnvention. it has been found 
that sufficient stress can be created jn a direction oppo- 
site that of a particular undesirable phenomenon to 
overcome the deleterious effects of undesirable distor- 
tion attributable to edge discontinuity and. deflection. 

A cross-section of a hybrid focal plane array (FPA) 
300 in accordance with a preferred embodiment of the 
present invention is indicated at 300 in-Figure 3. In the 
. illustrated FPA, infrared radiation 3Q2 impinges on the 
top surface 301 of an optical substrate. 304. The optical 
substrate 304 is preferably formed of sapphire, with an 
optically sensitive material 306 grown on. one of. the sur- 
faces. As shown in the FPA configuration. of Figure 3. 
the optically sensitive material is disposed on the lower 
surface of the optical substrate 304. The impinging radi- 
ation 302 . is transmitted through the optical substrate 
304 and arrives at the optically sensitive material 106. 
where itis converted to electrical charge. Preferably, the 
optically: sensitive material 106 comprises a mercury- 
cadmium-telluride (HgCdTe) compound on a buffering 
cadmium-telluride (CdTe). 

: Particular areas of the optically sensitive material 
306 . are electrically differentiated by .isolated pixels (not 
shown). The electrical charge collected at each pixel 
location is passed through one of plural interconnect 
bumps 308 to corresponding cells disposed on. sub- 
strate 310, The size of the FPA may vaiy depending 
upon the number of pixels in. the array, e g . .128 x 128 
and 1024 x 1024. 

In preferred embodiments, the substrate 310 com- 
prises a multiplexer (MUX) containing -ectionic cir- 
cuitry which processes the electric chai^ i* each pixel 
into an electrical signal of desired chaii sues, and 
subsequently outputs the signals via 01.:; ..' "^nnels A 
clock is included in the MUX substrate 2 * • ; » ovide for 
the orderly transfer of signals between •■ - vux sub- 



strate and the optically sensitive material 306. The MUX 
is preferably formed of a silicon (Si) substrate or other 
semiconducting material, such as gallium arsenide 
(GaAs), appropriate for fabricating integrated circuits, it 1 ' 1 
will be recognized, however, that the materials and con- 5 
figuration of the MUX substrate, the number of output 
channels, the signal characteristics, the clocking . 
scheme and its speed will vary depending upon the par- 
ticular application. Alternately, the substrate 310 may 
comprise a basic interconnection scheme which allows to 
for output electric charge from each pixel without elec- 
tronic processing. 

For improved performance, the FPA 300 generally 
must be cooled to cryogenic temperatures. The support 
surface 322 is preferably cooled by a direct contact cold- * is 
source, such as a cryoStat 1 or liquid cryogen. In pre-" 
ferred embodiments, the support surface 322 is formed r ' 
of a ceramic material, arid the mounting epoxy 320 is ' 
Sylgard. The epoxy 320 is preferably constructed hav- 
ing a height and area to satisfy the thermal conductivity '■ x 20- 
requirements of a particular application. For example, a • : = 
thinner support surface and epoxy structure having a ?l • V: 
large siitt^ce' area and high thermal conductivity pro- ^ " 
vibes an FPA having a fast cooling rate. ;X : ' : 

The MUX substrate 310 and the optical substrate 
304 differ in their Thermal Expansion Coefficients 
(TEC^):' v For example,' preferably, the MUX substrate '■" >: - : - 
310 is formed' Of sapphire, and the optical substrate is a r 1 ' 
silicon structure. Due to thedifferences in the properties'- :fV 
of the nhaterials used, including the mismatch of their to* 
TECs. thermal stresses are created in the cooling proc- 
ess. As' a consequence, rn-plane forces, which strain 
the bumps laterally, as well as' out-of-plane forces','^ * 
which strain and compress the interconnect bumps ver- 
\\ta\\y; may Be generated. Mdreover. 'since the bumps ' 35- 
ori one sicfe tb the surface of the optically sensitive- 1 ' 
"material, the in-plane' and out^of -plane forces are also 
transmitted to : the optically sensitive material, thusr 
degrading 1 the 'quality' bf the material and causing a ■ 
potentially significant decline in the performance of the 1 4C 
' FPA. Repeated 6ool-d6wn of the FPA may aggravate 
the damafge. 

■ Tb irriprove FPA reliability, the MUX 310 is prefera- : 
bly mounted on a core layer 314 using an appropriate' ' « 
epoxy 31 2. the core fayer is preferably formed of a rigid '45' 
material, such as stainless steel'. 1 which has a higher 
modulus of elasticity and TEC than the MUX. The core 
layer 314 is coupled fo : a balancing layer 318 using 
another layer of epoxy 316 which is selected to have the 1 
same or similar type and thickness as epoxy layer 312 . so 
Accordingly, since' the epbxy layers 312 and 318 have 
similar characteristics, and the balancing layer 318 is • 
preferably formed of the same or similar material and 
thickness as the MUX 310. a symmetry exists where the 
* core lay^r 314 represents the plane of symmetry within 55 
the composite structure." 

In preferred embodiments, the composite structure 
324 is constructed of imbalanced layers of materials to 



induce a predetermined amount of stress which can 
counteract deleterious edge effects. Whether balanced 
or imbalanced, the composite structure 324 exhibits a 
TEC that is the same as or similar to that of the detector 
substrate 304, thereby eliminating stresses caused by a 
substantial TEC mismatch between the optical sub- 
strate 304 and MUX 310. Such a structure, if not per- 
turbed by external forces such as contraction of the 
mounting epoxy 320, would consequently resist bowing 
or deflecting. 

Figure 3 illustrates the FPA and composite structure 
mounted on a support substrate 322 for physical sup- 
port and cooling. For desired rates of cooling, the 
mounting epoxy 320 may be constructed to be large rel- 
ative to the area of the MUX 310. That is, a large deposit 
of epoxy between the composite structure 324 and the 
support substrate 322 provides, faster heat conduction 
betweeh » the two sets of- materials; However, as 
e*piain£d above, such epoxiesi.tend to contribute to the 
distortion of the MUX" substrate 3-10, consequently. 
! causing damage to the interconnect bumps 308 cou- 
■ i5 pIiri<J -the optically sensitive material 306 to the MUX, as 
•indicated in Figures 1 and 2: ■■ ». 
''-•'''"TTiii^/td^counterac* the detrimental effects of the 
'^contracting epoxy, as well as other causes of bowing 
and deflection of the MUX 110, embodiments of the 
•'present ftwiention propose implementing a MUX sub- 
strate and '^balancing layer 318 within the composite 
structure 324- Which have differing- thicknesses and 
trtar£cterrSttcsi ? Accordingly, an imbalanced .composite 
structure is presented. As illustrated in Figure 3. the bal- 
ancing layer 318 is slightly thicker than the MUX sub- 
;; Stiiate 310 to 'counteract the tendency of the MUX edges 
to distort. By preserving the surface planarity of the 
MUX'S.10. the integrity of the interconnect bumps 308 
can be maintained. Such counterbalancing the out-of- 
plang forces acting on the MUX also enhances, or at 
least maintains, the performance «Of- the hybrid FPA 
structure. * -■ • 

,i Furthermore, in instances 'where the composite 
structure 324 is- distorted into a concave configuration 
by external forces-whrch may be present when the FPA 
is exposed to a bump reflow process, for example, an 
imbalanced structure 'also provides a stabilizing plat- 
form. In such circumstances, it may be desirable to con- 
struct the composite Structure so that the balancing 
layer 318 is thinner than the MUX 310. 

Alternatively, an imbalanced structure may also be 
provided using particular -.materials having differing 
characteristics or material properties. For example, a 
balancing layer having a low TEC and/or a high modu- 
lus of elasticity may be used to counterbalance oppos- 
ing characteristics of the material used to const; uct the 
MUX substrate. The result would .be similar :r ..sing a 
thicker balancing layer when, the materials \* ■•*■? bal- 
ancing layer and the MUX., are the same o» - in 
another alternative, the thicknesses and "i!enal 
characteristics of both the balancing layer ai* - MUX 
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may be tailored to produce the desired counteracting 
effect. Furthermore, by varying the thickness and type 
of epoxy 316 used to couple the MUX and the balancing 
layer, as well as that of the support epoxy 320, a desired . 
imbalance may be provided. . s 

It will be recognized that a variety of adhesives and 
epoxies may be used to bond the various layers of the 
FPA, including the composite structure, together. For 
example, adhesives or other coupling means may be - ? i 
implemented to satisfy the TEC, modulus of , elasticity, ift 
thermal conductance, out-gassing, curing, and other 
mechanicah thermal, chemical, manufacturing, and * 
economic requirements desired in a particular design. 

This detailed description is set forth : pnly for pur- . ; 
poses of illustrating examples of the prsseni invention ,{5 
and should not be considered to limit tye.&eope thereof , v . 
in any way Clearly numerous additions, substitutions, 
and other modifications : can be made ; tpt^he .invention ..... . 

without departing from the scope of the invention which 
is defined in the appended claims , and equivalents, ?...2p. 
thereof.' ■ r 

According to its broadest .aspect tbe. ijpveniicn ; 
relates to a composite focal plane^rrayi (FPA) structure .-, 
(300) defining a plurality of layered materials, ; {he com- . . 
posite (FPA) structure for preventing undesirable deflec-, -B5\ 
Won in the layered materials,- comprising: ; .. V;if| 

'■ (a) a first substrate (3G4») for receiving, radiation 

(302); ..v v, ■ i ' ■ ;; 

1 (b) a network substrate.(310) having an associated so 
modulus of elasticity, a thermal expansion coeffi-. . 

■ cient (TEC), and thickness, the network substrate 
(310) having a substantially planar upper surface 
coupled to the first substrate (304), wherein the net-, 
work substrate (310) is responsive to the radiation -35 
(302) received by the first substrate (304); and a > y>i 

focal plane array (FPA) (300) including a lay- 
ered composite structure (324) having, several layr - 
ers of materials with differing thermal expansion 
coefficients (TECs) and thicknesses to stabilize.and 40 
maintain FPA (300) performance, during thermal : n 
cycling and excursions. An optical substrate (304) •■ 
is coupled to a multiplexer (3 10) through a network » 
of indium bumps (3Q8): The typical TEC mismatch 
of the layered materials . is offset by particularly , 45 
selecting the types of materials used, and the thick- 
nesses of the individual layers; of the FPA (300). 
Consequently; undesirable deflections and distor- 
tions of the multiplexer (310) and the indium bumps 
(308) are minimized, thereby substantially improv- •, so 
ing FPA (300) reliability 



SUMMARY OF THE INVENTION 

1. A composite focal plane array (FPA) structure 
defining a plurality of layered materials, the com- 
posite (FPA) structure for preventing , undesirable 
deflection in the layered materials* comprising: 

a first substrate for receiving radiation; 

a network substrate having an associated mod- 
ulus, of elasticity >; a thermal expansion coeffi- 
- cient (TEC), and thickness, the network 
substrate having a substantially planar upper 
. . surface coupled to the first substrate, wherein 
the network substrate is responsive to the radi- 
, atipn received by the first substrate; 

.a . core layer coupled to the network substrate, 
and having, an associated modulus of elasticity 
. and- TEC; and , 

a baiancipg subsiraie sandwiching the core 
, layer adjacent the network substrate, the bal- 
. .ancing substrate haying an associated modu- 
- *_ - ius of elasticity, TEC, and thickness; . 

a first epoxy layer disposed between the net- 
. work substrate and the core layer; ar^d 

a second epoxy layer disposed between the 
. core layer and the balancing substrate. 

wherein the . thickness pf the, network 
substrate differs from the thickness of the bal- 
ancing substrate such that the combination of 
the associated moduli of elasticity, thicknesses, 
, v .._ and TEGs of the network substrate, the core 
layer, and the balancing substrate provides a 
, » i balanced structure, such that the substantially 
- planar upper surface, of .the network substrate 
• , is maintained in response :to the received radi- 
ation. . ...... 

,2. The. composite FPA structure, further comprising 

adhesive means for attaching the first substrate 
to the network substrate, wherein the resultant 

; . ? combination of the moduli of elasticity, the 
TECs, and the thicknesses of the network sub- 
strate, core layer, and balancing substrate min- 

„ ionizes deflection and distortion of the adhesive 
means in response to the received radiation. 



It should be noted that the objects and advantages 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 



3. The composite FPA structure, wherein the moduli 
of elasticity, TECs, and the thicknesses of the mate- 
55 rials forming the network and balancing substrates, 
the core layer, and the first and second epoxy layers 
are determined such that a desired deflection in the 
upper surface of the network substrate is produced. 



4. The composite FPA structure, wherein the 
desired deflection is produced in response to tem- 
perature changes in accordance with the received 
radiation. 

5. A hybrid Focal Plane Array (FPA) structure cou- 
pled to a cooling cold plate such that cooling of the 
FPA structure via the cold plate exposes the FPA 
structure to thermal excursions which contribute to 
undesirable distortion, the FPA structure having 
properties for reducing the undesirable distortion, 
the FPA structure comprising: - ; 



a detector including an optical substrate for " 
receiving incoming radiation and for converting 
the incoming radiation to electrical charge; is 

a composite structure (CS) coupled between 
the detector and the cold plate, the CS includ- ■ : 
ing 
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electronic means for receiving the electrical 
charge from the optical" substrate, the elec - 
tronic means being subject to distortion frortt'" 
' the thermal excursions," and - " 

a balancing substrate coupled to the electronic ' 
means for balancing the distortion experienced 
by the electronic means; and 

interconnection means for mechanical, electri- 
cal; and thermal coupling of the detector to the' 
CS, such that the radiation detected by th^ 
detector is- transmitted as electrical charge ^ 
through the interconnection means to the elec- 
trbhic means, 

wherein the distortion of the electronic 
means caused by thermal excursions tend to' 
damage the interconnection means, 

further wherein the electronic means 
and the balancing substrate have differing* 
thicknesses -and thermal expansion coeffi- 
cients (TECs) such 1 that distortion of the com- 
posite structure is minimized, thereby reducing ; 
damage to the interconnection means. 
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6. The hybrid FPA, wherein the optical substrate 
comprises a crystalline material. ■ 

7. The hybrid FPA, wherein the optically sensitive 
material comprises a combinatioh of mercury-cad- 
mium-teHuride and caidmium-telluride compounds. 

8. The - hybrid FPA, wherein the interconnection 
means is formed of a pliable conducting material. 

9. The hybrid FPA, wherein the interconnection 
means comprises a plurality of indium bumps. 

10. The hybrid FPA : , wherein the electronic circuitry 
comprises a multiplexer formed within a semicon- 
ducting substrate. 

1 1 . The hybrid FPA, wherein the cold plate corn- 
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prises a ceramic material. 

12. The hybrid FPA, further comprising an isolating 
adhesive for securely mounting the CS to the cool- 
ing means, and for isolating the CS and detector 
arrangement from the cooling means. 

13. The hybrid FPA, wherein the materials forming 
the electronic means and the balancing substrate 
are selected according to their thicknesses and 
TECs, such that distortion associated with the iso- 
lating adhesive is minimized. 

14. The hybrid FPA, wherein the isolating adhesive 
is soft, localized, and sufficiently thick such that the 
electronic means is cooled by the cold plate without 
experiencing distortion and causing damage to the 
interconnection means. ' 

' 15. A method of stabilizing a focal plane array (FPA) 
operable with an optical substrate for receiving 

•' impinging radiation 1 and an electronic network cou- 
pled to the optical substrate for processing the radi- 

■ :: ation,themethbd : a>nhprising the steps of: 

>'"'■ conhecting the electronic network to the optical 
" Substrate via an interconnection network of pli- 
v • ' -Able; electrically-conducting material; 

■ ■ ' atta'dfiing the electronic network to a core layer; 

?: ; dbtiplThg the electronic network and core layer 
; arrangement to a balancing layer, wherein the 
electronic network, core layer and balancing 
substrate have associated thicknesses and 
therniaT'expansion coefficients (TECs), further 
: f: : wh^reirfthe thickness of the electronic network 
:,: ' ! is selected to he different from the thickness of 
the balancing substrate such that when the 
optical substrate, the electronic network, the 
■ cori layer, and the balancing substrate are 
exposed to thermal excursions in response to 
the received radiation, distortion and deflection 
' • of 'the ' electronic network and interconnection 
network typically associated with the thermal 
excursions afe minimized; 

mounting the'balancing layer onto a support 
substrate via an isolation' adhesive; and 

curing the isolation adhesive such that the bal- 
ancing layer is securely" separated from the 
support substrate. 1 

16. The method, wherein the electronic network 
and balancing substrate have associated thick- 
nesses and thermal expansion coefficients (TECs), 
the method further comprising the steps of: 

subjecting the optical substrate, the electronic 
network, and the balancing substrate to thei- 
1 mal excursions; 
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selecting the thickness of the electronic net- means (308) in response to the received radia- 

work to be different frQm the thickness of the . tion. 
balancing substrate , such that distortion and . , ; 

deflection of the electronic network and inter- . 3. The composite FPA structure (300). wherein the 

connection network typically associated with . 5 mpduli of elasticity, TECs, and the thicknesses of 

the thermal excursions are minimized. the materials forming the network (310) and bal- 
ancing (318) substrates, the core layer (314), and 

1. A composite focal plane array (FPA) structure the first (312) and second (316) epoxy layers are 
(300) defining a plurality of layered materials, the determined such that a desired deflection in the 
composite (FPA) structure for preventing undesira- 10 upper surface of the network substrate is produced, 
ble deflection in the layered materials, comprising: 4. The composite FPA structure (300), wherein the 

. : t - ■ desired deflection is produced in response to tem- 

(a) a first substrate (304) fpr receiving radiation : .perature changes. in accordance , with the received 
(302); ,. ■ , ,. :^/ } radiation (302). 

(b) , a network sybstrate (3 : 1 0) having an associ- is 5. A hybrid Focal Plane Array (FPA) structure (300) 
ated modulus of elasticity, a thermal expansion ... : . . , coupled to a cooling cold plate (322) such that cool- 
coefficient (TEC),, and thickness, the network, < • ing of the FPA structure (300) via the cold plate 
substrate (31Q) ; having : a substantially plana*. • (322) exposes the FPA structure (300) to thermal 

i upper surface coupled to the first substrate excursions, whjch contribute to. .undesirable distor- 

(304), wherein the network substrate (310) is 20 tion, the FPA structure (300) having properties for 

' responsive \o the radiation J302) received by . reducing the undesirable distortion, the FPA struc- 

thc first substrate (304); ■ ,■ , ,~ ... . tur£ 4300) comprising: • . .< 

(c) a core layer (314) QQupled to the network • , «. 

substrate (310).. and having an associated (a) a detector (306) including an optical sub- 
modulus of elasticity and. TEC; ., : . .<25 ; strate (304) for .receiving incoming radiation 

(d) a balancing substrate .(31 8) sandwiching • :;; . ., . (302) and for converting the incoming radiation 
. the core layer (3 14) adjacent the network sub- .: (302) to electrical charge; ■ 

strate (3 10). the balancing substrate (31 8) hav- t .«-. (b) . a composite structure . (CS) (324) coupled 

ing an associate^ fppdulus of elasticity, TEC, ,:. ^ between the detector (306) and the cold plate 

and thickness; 30 (322), the CS (324) including; 

(e) > first epoxy layer (312) disposed between 

the network substrate (310) ^nd the core layer , (1). electronic means (3 10) for receiving the 

(314); and : . , ; . electrical charge from the optical substrate 

(f) .: a second epoxy layer (316) disposed (.304), the electronic means (310) being 
between the core layer. (3 14} and the balancing 3S subject to distortion from the thermal 
substrate (318); , . ., excursions; and 

(g) wherein the thickness pf the network sub-.. .-. .. . (2): a balancing substrata (318) coupled to 

strate (310) differs from the thickness of the.-, . .-. ... .... the electronic means (310) for balancing 

balancing substrate (31S) ( such that the combi- . the. distortion experienced by the electronic 

nation of the associated moduli of elasticity, 40 means (310); and 

thicknesses, and TECs of the network sub- 
strate (310). the core, layer (314), and the bal- (c), interconnection means (308) for mechani- 
ancing substrate (318) provides a balanced- , . cal. electrical, and. thermal coupling of the 
structure such: that the substantially planar--,., . detector (306) to the CS (324), such that the 
upper surface of the network substrate (310) is 45. - radiation (302) detected by the detector (306) 
maintained; in response to the received radia- is transmitted as electrical charge through the 
tion (302). , m • ... interconnection means (308) to the electronic 

.M means (310): 

2. The composite FPA structure (300), further com- 

prising: .• so . (1) wherein the distortion of the electronic 

means (31 Q) caused by thermal excur- 

(a) adhesive means (308) for attaching the first sions tend to damage the interconnection 
substrate (304) to the network substrate (310); means (308); and 

(b) wherein the resultant combination of the (2) further wherein the electronic means 
moduli of elasticity, the TECs, and the thick- 55 (310) and the balancing substrate (318) 
nesses of the network substrate (310), core have differing thicknesses and thermal 
layer (3 14), and balancing substrate (31 8) min- expansion coefficients (TECs) such that 
imizes deflection and distortion of the adhesive distortion of the composite sti uctui e (324) 



is minimized, thereby reducing damage to 
the interconnection means (308). 

6. The apparatus, wherein the optical substrate 
(304) comprises a crystalline material. 

7. The apparatus, wherein the detector (306) com- 
prises a combination of mercury-cadmium-telluride 
and cadmium-telluride compounds. 

8. The apparatus, wherein the interconnection 
means (308) is formed of a pliable conducting 
material. 

9. The apparatus, wherein the interconnection 
means (308) comprises a plurality of indium bumps; yi 

10. The apparatus, wherein the electronic means 
(310) comprises a multiplexer formed within a sem- 
iconducting substrate. 

11. The apparatus, wherein the cold plate (322) 
comprises a ceramic material! 

12. The apparatus, further comprising an isolating 
adhesive (320) for securely mounting the CS (324)' : 
to the cold plate (322), and for isolating the CS/ 
(324) and detector (306) arrangement from the cold 
plate 1 (322)/ " 

13. The apparatus, wherein the materials forming- 
the electronic means (310) and the balancing feub- 

' strate (318/ are selected according to their thick- 
nesses and TECs, such that distortion associated • 
: with the isolating adhesive (320) is minimized. 

1 4. The apparatus, wherein the isolating adhesive 
(320) is soft, localized, and sufficiently thick sucfc 
that 'the ^electronic means { (310) is cooled by the ' 
cold plate (322) without experiencing distortion and 
causing damage to the " interconnection means 
(308). 

! 1 5: A method of stabilizing a focal plane array (FPA)' 1 
(300) bperabfe with an optical substrate (304) for 
receiving impinging radiation (302) and an elec- 
tronic network (310) coupled to the optical sub- 
; itrafe'(304) for processing the radiation (302), the 
method comprising the' steps of: 



15 



■20' 



25 



3d' 



'35 • 



40 



(a) connecting the electronic network (310) to 
the optical substrate (304) via an interconnect 
tibn 'network (308) of pliable, electrically-con- ' 
ducting material; J 

(b) attaching the eiedrdnrc network (310) to ar 
core ; layer (314); ' 

(c) coupling the electron^ network (310) and 
core layer (314) arrangement to a balancing 
substratd ; (318j: ; '• ' ;i ' 50 

(1) wherein the electronic network (310), 
core layer (314) and balancing substrate 
(318) have associated thicknesses and 
thermal expansion coefficients (TECs); 55 
and 

(2) further wherein the thickness of the ■ 
electronic network (310) is selected to be 



different from the thickness of the balanc- 
ing substrate (318) such that when the 
optical substrate (304), the electronic net- 
work (310), the core layer (314), and the 
balancing substrate (318) are exposed to 
thermal excursions in response to the 
received radiation (302), distortion and 
deflection of the electronic network (310) 
and interconnection network (308) typically 
associated with the thermal excursions are 
minimized; 

(d) mounting the balancing substrate (318) 
onto a support substrate (322) via an isolation 
adhesive (320); and 
' (e) curing the isolation adhesive (320) such 
that the balancing substrate (318) is securely 
- - separated from the ; support substrate (322). 

16: The method, wherein the electronic network 
(310) and balancing substrate (318) have associ- 

: i - ; ated thicknesses and thermal expansion coeffi- 
= ciehfs (TECs), the method further comprising the 

• f step£of> 

(a) subjecting the optical substrate (304), the 
" ■ electronic network (310), and the balancing 

substrate (318) to thermal excursions; and 

(b) selecting the thickness of the electronic net- 

• ' work (310) to be different from the thickness of 
: the' balancing substrate (318) such that distor- 

'•■ ' tion and deflection of the electronic network 
^(310) and interconnection network (308) typi- 
: - bally- associated with the thermal excursions 
' ' - ; : are' minimized. 

Claims 1 

1 . A composite focal plane array (FPA) structure (300) 
defining a plurality : of layered materials, the com- 
posite -(FPA) structure for preventing undesirable 
deflection in the layered materials, comprising: 

(a) a first substrate (304) for receiving radiation 
(302); 

(t»)& network substrate (310) having an associ- 
ated modulus of elasticity, a thermal expansion 
coefficient (TEC), and thickness, the network 
substrate (310) having a substantially planar 
upper surface* coupled to the first substrate 

• (304), wherein the network substrate (310) is 
responsive to the radiation (302) received by 
the first substrate (304); 

: ! (c) a core layer 1 (3 14) coupled to the. network 
substrate (310), and having an associated 
modulus of elasticity and TEC; 
(d) a balancing- substrate (318) sandwiching 
the. core layer (314) adjacent the network sub- 



8 



15 



EP 0 817 273 A2 



16 



strate (310), the balancing substrate (318) hav- 
ing an associated modulus of elasticity, TEC, 
and thickness; 

(e) a first epoxy layer (312) disposed between 
the network substrate (310) and the core layer s 
(314); and 

(f) a second epoxy layer (316) disposed 
between the core layer (314) and the balancing 
substrate (318); 

(g) wherein the thickness of Jthe network sub- ;o 
strate (310) differs from the thickness of the 
balancing substrate (318) such that the combi- 
nation of the associated moduli of elasticity, 
thicknesses, and TECs of the network sub- ; . 
strate <310), the coreJay.er (314},= and thebak.. is 
anting substrate. (318) provides a balanced 

.structure such that the substantially planar- 
upper surface, of the network eub^rate (310) is 
maintained in response to, the .received radia? I( , , 
tion (302). *, : ,20. 

Tho o/^rvn-xz-Nj- CDA <»#ri t/**i trfs /OAfl\ t>4 i 4, .«• 

■ » rw,; «-»vy» i i^v/^n^ iirt <3ii wuiu» v. -y-»yy/ \Jt victim i, lull :■ •> 

ther comprising: j 

' ' * * ' ».-.*■■'•»• 
. . ! (a) adhesive means (308) for .attaching the first £5 „ 
: substrate (304) to the network substrate (31 0) M -, 
(b) wherein the resultant combination of the;,., ... 
moduli of elasticity, .the TECs, and the thick- r . ■•. . 
nesses of the network substrate (310), core 
layer (314), and balajifiing substrate (318) min-. ,30 
imizes deflection and distortion of the adhesive 
means (308) in response to the received radia- , 
tion. 

The composite FPA, structure .(300), of either of 35 
claims 1 or 2, wherein the moduJi of elasticity, 
TECs, and the thicknesses of thematerials forming. ; 
the network (310) and balancing (318) substrates, 
the core layer (3 1 4), ^nd the first (312) and second 
(316) epoxy layers are determined such that a 40 
desired deflection in the upper surface of the net- ; . 
work substrate is produced. 



The composite FPA structure (300) of claim 3, , 
wherein the desired deflection , is produced in 45 8. 
response to temperature changes in accordance 
with the received radiation (30?). 



strate (304) for receiving incoming radiation 
(302) and for converting the incoming radiation 
(302) to electrical charge; 

(b) a composite structure (CS) (324) coupled 
between the detector (306) and the cold plate 
(322), the CS (324) including: 

(1) electronic means (310) for receiving the 
electrical charge from the optical substrate 
(304), . the electronic means (310) being 
subject to distortion from the thermal 

. excursions; and 

(2) a balancing substrate (318) coupled to 
the electronic means (310) for balancing 
the distortion experienced by the electronic 

- means (310); ancj\ 

(c) interconnection means (308) for mechani- 
, : ; ; <?al, electrical, and . thermal coupling of the 

detector. ,(.306) to the CS (324), such that the 
, radiation (30?) detected by th? ^etector (306) 
j is transmitted as electrical charge through the 
r . interconnection mean$ (308) to the electronic 
■< ■ means (310): 

(1) wherein the distortion of the electronic 
means (310) caused by thermal excur- 
sions tend to damage the interconnection 
means (308); and 

(2) further, wherein Jhe electronic means 
. (310) and the balancing substrate (318) 

• t . have differing thicknesses and thermal 
- expansion coefficients (TECs) such that 
• distortion of the composite structure (324) 
; is minimized, thereby reducing damage to 
the interconnection means (308). 

6. The apparatus of claim 5, yvherein the optical sub- 
strate (30.4) comprises a crystalline material. 

7. The. apparatus .of claim 6, wherein the detector 
(306) comprises a. combination! of mercury-cad- 

, , mium-telluride.andcadmium-telJuride compounds. 



The apparatus of claim 5, wherein the interconnec- 
tion means (308) is formed of a pliable conducting 
material. . 



A hybrid Focal Plane Array (FPA) structure (300) . . 
coupled to a cooling cold plate (322) such that cool- so 
ing of the, FPA structure (300) via the cold plate 
(322) exposes the FPA structure (300) to thermal * 
excursions which contribute to undesirable distor- 
tion, the FPA structure (300) having properties for 
reducing the undesirable distortion, the FPA struc- 55 
ture (300) comprising: 

(a) a detector (306) including an optical sub- 



9. The apparatus of cjaim 5, wherein the interconnec- 
tion means (308) comprises a plurality of indium 
bumps. 

10. The apparatus of claim 5, wherein the electronic 
means (310) comprises a multiplexer formed within 
a semiconducting substrate. 

11. The apparatus of claim 5, wherein the cold plate 
(322) comprises a ceramic material 



1 2. The apparatus of claim 5, further comprising an iso- 
lating adhesive (320) for securely mounting the CS 
(324) to the cold plate (322), and for isolating the 
CS (324) and detector (306) arrangement from the 
cold plate (322). 5 

13. The apparatus of claim 12, wherein the materials 
forming the electronic means (310) and the balanc- 
ing substrate (318) are selected according to their 
thicknesses and TECs, such that distortion associ- to 
ated with the isolating adhesive (320) is minimized. 

14. The apparatus of either of claims 12 or 13, wherein 
the isolating adhesive (320) is soft, localized, and 
sufficiently thick such that the electronic means 15 
(31 0) is cooled by the cold plate (322) without expe- 
riencing distortion and causing damage to the inter- 
connection means (308). 

15. A method of stabilizing a focal plane array (FPA) 20 
(300) operable with an optical substrate (304) for 
receiving impinging radiation (302) and an elec- 
tronic network (310) coupled to the optical sub- 
strate (304) for processing the radiation (302), the 
method comprising the steps of: 25 



(e) curing the isolation adhesive (320) such 
that the balancing substrate (318) is securely 
separated from the support substrate (322), 

and/or wherein preferably the electronic net- 
work (310) and balancing substrate (318) have 
associated thicknesses and thermal expansion 
coefficients (TECs), the method further comprising 
the steps of: 

(a) subjecting the optical substrate (304), the 
electronic network (310), and the balancing 
substrate (318) to thermal excursions; and 

(b) selecting the thickness of the electronic net- 
work (310) to be different from the thickness of 
the balancing substrate (318) such that distor- 
tion and deflection of the electronic network 
(310) and interconnection network (308) typi- 
cally associated with the thermal excursions 
are minimized. 

1 6. A composite focal plane array (FPA) structure (300) 
defining a plurality of layered materials, the com- 
posite (FPA) structure for preventing undersirable 
deflection in the layered materials, comprising: 

(a) a first substrate (304) for receiving radiation 
(302); and 

-(b) a network substrate (310) haying an associ- 
ated modulus of elasticity, a thermal expansion 
./.-CQefficjjent (TEC), and thickness, the network 
substrate (310) having a substantially planar 
upper surface coupled to the first substrate 
; :;(304]r, 'wherein the network substrate (310) is 
* responsive to \h& radiation (302) received by 
the first substrate (304)'; 



(a) connecting the electronic network (310) to 
the optical substrate (304) via an interconnec- 
tion network (308) of pliable, electrically-con- 

ducting material; 30 
:(b) : attaching the electronic network. (310) to a 
core layer (3.14); 

(c) . coupling 'the electronic network (310) and. - 
core layer (314) arrangement to a balancing 
substrate (318): > . 35 

(1) wherein the electronic network (310), 
core layer (314) and balancing substrate 
(318) have associated thicknesses and 
thermal expansion coefficients (TECs); 40 
and 

(2) further wherein the thickness of the 
electronic network (310) is selected to be . - 
different from the thickness of the bafand-\ S 
ing substrate (318) such that when the 4S 
optical substrate (304), the electronic net- 
work (310), the core layer (314), and the 
balancing substrate (318) are exposed to 
thermal excursions in response to the 
received radiation (302), distortion and so 
deflection of the electronic network (310) 
and interconnection network (308) typically 
associated with the thermal excursions are 
minimized; 

55 

(d) mounting the balancing substrate (318) 
onto a support substrate (322) via an isolation 
adhesive (320); and 
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(54) Composite structure for focal plane array to compensate deformation 



(57) A focal plane array (FPA) including a layered 
composite structure having several layers of materials 
with differing thermal expansion coefficients (TECs) and 
thicknesses to stabilize and maintain FPA performance 
during thermal cycling and excursions. An optical sub- 
strate is coupled to a multiplexer through a network of 
indium bumps. The typical TEC mismatch of the layered 



materials is offset by particularly selecting the types of 
materials used and the thicknesses of the individual lay- 
ers of the FPA. Consequently, undesirable deflections 
and distortion of the multiplexer and the indium bumps 
are minimized, thereby substantially improving FPA reli- 
ability. 
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